The “pattern effect” in
CERES data

J. Muller and A. E. Dessler

Dept. of Atmospheric Sciences
Texas A&M University




calculating the
cloud feedback

|



calculating the

cloud feedback

AR measured by CERES
and ERAS met data

e derive AR_cloud using
radiative kernels

2



calculating the

cloud feedback

AR measured by CERES
and ERAS met data

e derive AR_cloud using
radiative kernels

AR cloud

ATy

|



calcu
latin
g the

cloud
faad
hack

AR

me

and E asured

de”VeRAA > metbg CERES

S‘Opelve Kern:\d using

~ cloud feedt
aCk

“““““““““““““““““““““““““““““

A
R cloud

- Al



calcu
latin
g the

cloud
faad
hack

AR
me
and E asured
Serive AR metd CERES
radiati “clo ata
S‘Opelve Kern:\d using
éR'C‘(;UZI‘OUd fged
oint, zo can be hack
na aVvQ a gl’ld
| glOba
|

avg,
2

“““““““““““““““““““““““““““““

A
R cloud




. EBAF Ed. 4.1 & ERA5 met fields (2000-2017)

3



. EBAF Ed. 4.1 & ERA5 met fields (2000-2017)

CERES+ERA5 0.72 W/m2/K




- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 26 CMIP6 control runs

CERES+ERA5 0.72 W/m2/K

|



- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 27 CMIP6 control runs

CMIP6 MMM 0.38 W/m2/K CERES+ERA5 0.72 W/m2/K

e 2 3 - o =~ X
(< '; N




- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 27 CMIP6 control runs

CMIP6 MMM 0.38 W/m2/K CERES+ERA5 0.72 W/m2/K

e 2 3 - o =~ X
(< '; N

|



- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 27 CMIP6 control runs

CMIP6 MMM 0.38 W/m2/K CERES+ERA5 0.72 W/m2/K

e 2 3 - o =~ X
(< '; N




- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 27 CMIP6 control runs

CMIP6 MMM 0.38 W/m2/K CERES+ERA5 0.72 W/m2/K
& o . R '7,5 - s S
5.0
- 2.5
O
0.0 3
O
-2.5




- EBAF Ed. 4.1 & ERA5 met fields (2000-2017)
» average of 27 CMIP6 control runs

CMIP6 MMM 0.38 W/m2/K CERES+ERA5 0.72 W/m2/K

e = S - o =~ X
(< '; N

models are doing a good job simulating the details of
the cloud feedback in the CERES data




‘pattern effect”

e models suggest cloud feedback varies due
to Internal variability

8



‘pattern effect”

e models suggest cloud feedback varies due
to Internal variability

® the same amount of warming, but distributed
differently, can lead to different clouad

feedback

8



‘pattern effect”

e models suggest cloud feedback varies due
to Internal variability

® the same amount of warming, but distributed
differently, can lead to different clouad

feedback
e underpredict ECS

8



‘pattern effect”

e models suggest cloud feedback varies due
to Internal variability

® the same amount of warming, but distributed
differently, can lead to different clouad

feedback
e underpredict ECS

o CERES spring meeting talk: underpredict
future warming

8



‘pattern effect”

e models suggest cloud feedback varies due
to Internal variability

® the same amount of warming, but distributed
differently, can lead to different clouad
feedback

e underpredict ECS

o CERES spring meeting talk: underpredict
future warming

e can we use CERES data to verity that
changes in surface pattern change the

cloud feedback® 8




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189, 9 M

10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




louds

West Pacific Fast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




louds

West Pacific Fast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




louds

West Pacific Fast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific Fast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189,
10.1002/2017MS001096, 2017.




West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial
pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189, 12 M

10.1002/2017MS001096, 2017.




e heat West Pacitic, more low clouds

West Pacific EFast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial

pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189, 13 M

10.1002/2017MS001096, 2017.




e heat West Pacific, more low clouds
e heat kEast Pacific, less low clouds

West Pacific Fast Pacific

/Zhou et al..: Analyzing the dependence of global cloud feedback on the spatial

pattern of sea surface temperature change with a Green's function approach,
Journal of Advances in Modeling Earth Systems, 9, 2174-2189, 14 M

10.1002/2017MS001096, 2017.



AR

CERES EBAF
top-of-atmosphere (TOA) net flux

1.0 -
0.5 -
0.0 -

—0.5 -

—1.0-

20 08 0 g g Y g B 0 oV




CERES EBAF
top-of-atmosphere (TOA) net flux




CERES EBAF
top-of-atmosphere (TOA) net flux

cloud tfeedback cloud teedback
1.0 - for period 1 ¢ for period 2
5
0.0 - :
:

:



CERES EBAF
top-of-atmosphere (TOA) net flux




CERES EBAF
top-of-atmosphere (TOA) net flux




CERES EBAF
top-of-atmosphere (TOA) net flux

- JINTER N
0.5 A

NHELE
AERFE.
L0 b 6 b &




CERES EBAF
top-of-atmosphere (TOA) net flux

-0.06 W/m2/K 1.16 W/m2/K
1.0 - ¢
o :
<l 0.0- :
—0.5 -
:

20 08 0 g g Y g B 0 oV

:



1.0 -

0.5 -

QC
<l 0.0-

CERES EBAF
top-of-atmosphere (TOA) net flux

-0.06 W/m2/K

MM

-9

Geophysical Research Letters

RESEARCH LETTER
10.1029/2019GL086705

Key Points:

» There is good agreement between
radiation budget variations observed
by CERES and simulated by seven
state-of-the-art climate models

« The relationship between global
mean net TOA radiation and surface
temperature is sensitive to changes
in regions dominated by low clouds

« Most models underestimate
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feedback (~1 W/m2/K) when we split the
CERES data into two parts

e |t IS assoclated with different amounts of E.
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e CMIP6 models reproduce the observations
well
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